Life expectancy was well known to associate with lifestyle habits, socioeconomic condition, and three health-related dimensions (physical, mental and social health status). However, the causal effect relationship among these variables remains unclear. The purpose of this study was to determine the causal relationships among health and life conditions, socioeconomic status, dietary and lifestyle habits and three health-related dimensions in elderly urban dwellers in Tokyo, Japan. After estimating a best-fit model, we discovered that health and life conditions were not determined by current dietary and lifestyle habits, which many studies showed. However, the conditions were more directly affected by three health-related dimensions three years earlier, and indirectly affected by educational attainment and previous annual income as well. The current model suggests that it might be of great importance for elderly individuals to emphasize the maintenance of psychological well being, physical activity, social communication and participation, as well as income, rather than focusing on improvements in diet and health-related lifestyles per se.
INTRODUCTION
The long life expectancy at birth of Japanese individuals is well known around the world [1] . Many studies have previously investigated what determines Japanese longevity [2, 3] . Recently, growing attention has been paid to the potential determinants of health and remaining life expectancy, in particular among elderly Japanese individuals. However, most of these studies were performed using cross-sectional and ecological data [4, 5] . As such, it was quite difficult to analyze causal effects on individual elderly health conditions over the life span due to the limitations posed by cross cutting and the ecological fallacy. Thus, despite such efforts, causal associations regarding lifestyle determinants of elderly health remain unclear.
Ever since the Lalonde report [6] and the USA Healthy People strategy [7] initially addressed the importance of diet and health-related behaviors on life expectancy, numerous studies had described the effects of specific lifestyles on health [8, 9] . Favorable lifestyles produced a reduction in premature mortality among people with particular diseases and lifestyles [10, 11] . In a large cohort of Japanese people, Tamakoshi et al. [12] demonstrated a significant impact of lifestyle on life expectancy. Whether such productive and beneficial studies can be conducted using data related to the elderly and employing causal analyses is unknown.
There have been some reports highlighting the influence of socioeconomic status on life expectancy. Socioeconomic differences were significantly related to both life expectancy [13, 14] and total healthy life years in the elderly [15] . Sugiura et al. [16] reported that socioeconomic status accounted for a rapid increase in Japanese life expectancy after the Second World War. Reviewing the impact of Japanese socioeconomic positions on health, Kagamimori et al. [17] also concluded that these differences in mortality and morbidity were not trivial. However, a direct causal relationship between socioeconomic conditions and life expectancy has not been demonstrated.
The World Health Organization (WHO) defined health as a state of complete physical, mental and social well being and not merely the absence of disease or infirmity [18] . Based on this definition, three health-related dimensions, namely physical, mental and social well being, are hypothesized to be associated with life expectancy. Physical activity and functioning [19, 20] , mental vulnerability and self-rated health [21, 22] and social ties [23, 24] are significantly associated with remaining years of life in the elderly. With the exception of a few studies [25] , however, there is an incomplete understanding of the relationships between life expectancy and indicators associated with the three aforementioned health-related dimensions.
Therefore, the objectives of our study were to clarify the causal relationships among healthy dietary and lifestyle habits, socioeconomic status and three health-related dimensions related to health and life conditions (including survival) among the Japanese elderly urban dwellers.
METHODS

Participants and Study Setting
In September 2001, we targeted a questionnaire survey to all elderly individuals (aged 65 years and over) who lived at home in suburban Tokyo, Japan. Of 16,462 eligible elderly individuals, 13,195 people (80.2% as a respondent percentage) gave informed consent to participate in the study and returned the self-administered questionnaire by mail. In September 2004, we sent via mail a second questionnaire (the same as used previously) to the respondents, and 8558 participants responded (505 cases had moved, 914 were deceased and 3218 did not respond). The inclusion criterion was all elderly dwelling in their home aged 65 years or more. We followed up all of the participants until August 31, 2007 , and ultimately obtained individual data, deceased or living, for a total of 8162 participants through the municipal resident's registry.
The city used as the study setting had developed partly as a commuter town to accommodate increased workers and their families in the metropolitan Tokyo area between the period of the 1970s and 1990s, which included a recent era of high Japanese economic growth. The majority of dwellers were middle class. The total population of the city was approximately 140,000 as of 2001 with 9.6 per cent of the population aged 65 years or older. This number was nearly half of the national average in 2000 (17.3%).
Observed Measurement Variables
The current study aimed to examine the causal relationships among health and life conditions, socioeconomic status, healthy dietary and lifestyle habits, and three health-related dimensions.
Health and life conditions in 2004 were dependent endogenous latent variables, including the number of survival days between September 1, 2004 and August 1, 2007 and the degree of long-term health care. The degree of health care was used in order to detect elderly health conditions in September 2004 using a public assessment tool devised by the Japanese Ministry of Health, Labor and Welfare. This tool is comprised of six levels ranging from the lightest degree (requiring mild support) to the most severe degree (requiring comprehensive care). In our analysis, a respondent that had received no care scored zero, while a respondent scored 1 if assigned at the lightest degree and scored 6 if assigned at the most severe degree.
Socioeconomic status in 2001 was assessed via educational attainment and annual income. Levels of educational attainment were categorized into four groups; graduation from junior high school, graduation from high school, those achieving a higher educational level than junior college and those who did not want to respond. Annual income levels fell into four categories; less than one million Japanese yen (equivalent to less than US $13,000), less than three million yen, less than seven million yen and more than seven million yen in 2001.
Healthy dietary and lifestyle habits in 2004 were assessed by the dietary health score and the healthy lifestyle score, respectively. The dietary health score was Copyright © 2013 SciRes.
OPEN ACCESS determined through the following three steps. First, food items consumed were assessed by the question; "Do you eat food items such as meat, soy products, eggs, bluebacked fish (sardine, mackerel and herring), dairy products, fruits, vegetables, salt-cured products, oily foods, strongly flavored foods, snacks and breakfast?" If the respondent consumed a particular food item, we then asked them to choose only one answer describing the frequency with which they consumed the food item as follows: eat everyday, eat 5 to 6 days per week, eat 3 to 4 days per week, eat 1 or 2 days per week or never eat. The frequency of item consumption per day was also measured (ranging from once to four times per day). Second, as being significantly and positively associated with number of survival days of the respondents examined at the end of August 2007, healthy dietary habits were defined. Our analyses resulted in a selection of ten healthy dietary habits as follows: consumption of meat, eggs, foods with eggs, and blue-backed fish 1 to 4 days a week, consumption of soy foods, dairy products, fruits and salt-cured products more than 3 days a week, consumption of vegetables more than 5 days a week and having breakfast everyday. Finally, a dietary health score was calculated as a score pertaining to the consumption of the ten identified healthy dietary food categories (one point for each category), ranging from 0 to 10, with a higher score indicating healthier dietary habits. Healthy lifestyle habits were assessed in terms of alcohol consumption, smoking, exercise habits, sleeping habits and body mass index (BMI). Such habit items were regarded as being healthy lifestyle habits when significantly associated with the number of survival days of the respondents as detected at the end of August 2007. As a result of our analyses, the habits significantly associated with number of survival days were alcohol consumption, never smoking (even in the past), less than nine hours of sleep per night, exercising more than once a week and having a BMI of more than 20. We scored these healthy lifestyle habits in a range from 0 to 5, with a higher score representing a healthier lifestyle. The three health-related dimensions examined in our study consisted of physical, mental and social health components. Physical health parameters included the basic activities of daily living (BADL) and the instrumental activities of daily living (IADL) as well as the number of diagnosed diseases from which the respondents had suffered from at the time of the 2001 survey. The BADL score was assessed by three questions: "Can you go to the toilet by yourself?", "Can you take a bath by yourself?" and "Can you take a walk outside?" [26] . Individuals obtained one point if they could perform these functions, and overall scores ranged from 0 to 3 with higher scores indicating a greater level of basic activity competence. The IADL score was measured via five questions related to instrumental activity: "Can you buy daily necessities by yourself?", "Can you cook daily meals by yourself?", "Can you deposit and withdraw money in a bank account?", "Can you complete documents related to insurance and pensions?" and "Can you read books and newspapers?" [27] . As the IADL was scored in a similar fashion to the BADL, total scores ranged from 0 to 5 with higher scores indicating greater instrumental activity. The prevalence of comorbidity was determined by instructing the individuals to "Choose the diagnosed diseases with which you now are treated". We discovered four diseases (cerebrovascular disease, cardiovascular disease, hepatic disease and diabetes mellitus) that were significantly and negatively associated with the number of survival days of the respondents between September 2004 and August 2007, and thus the extent of comorbidity was defined as the number of diseases with which the respondent was diagnosed among these four.
Mental health was determined via self-rated health, self-rated health compared with that of the previous year and daily life satisfaction at the time of the 2001 survey. Self-rated health was quantified via a four-point Likert scale using questions pertaining to the respondent's perceived overall health: "In general, would you say your health is: very poor, poor, fair or excellent?" [28, 29] . The score ranged from 1 to 4, with a higher score indicating higher perceived health. If unknown, we assigned a score of 0. Self-rated health compared to the previous year was determined on a three-point Likert scale with the question "How is your current health compared to your health at this time last year?" and the answer was chosen among the following responses: poorer, may or may not be better and better. In this respective order, scores of 1 to 3 were assigned and we assigned a score of 0 if the answer was unknown. Daily life satisfaction was detected by the question "Are you satisfied with your current daily life?" with answers ranging from not satisfied, may or may not be satisfied and satisfied. In this respective order, scores ranged from 1 to 3, and we assigned a score of zero if the answer was unknown.
Social health was measured by variables including the frequency of going outside, communication with the neighborhood and hobby-related activities. The frequency of going outside was examined by the question "How often do you go outside including around your neighborhood?" and answers ranged from less than once a month, more than once a month and more than 3 to 4 times a week. Scores ranged from 1 to 3 in this respecttive order. If the answer was unknown, a score of zero was assigned. Communication with the neighborhood was assessed by asking "How often do you have communication with your friends or neighbors?" and scores ranged from seldom, once a month, 3 to 4 times a week and almost everyday, using a scale ranging from 1 to 4 in respective order and zero if unknown. We measured hobby-related activities by inquiring "Do you participate in hobby-related activities?" with two possible answers (yes and no). Scores were assigned as 1 (no hobby), 2 (presence of a hobby) and 0 (unknown).
Analyses
Respondents aged 80 years and older and those associated with more than a middle degree of long-term care at the 2001 survey were excluded in the analyses due to an increased and indispensable deviation in their measurement variables. All data obtained were evaluated by score or degree to examine differences between males and females using the Kendall's tau rank correlation coefficient. Exploratory factor analysis was used to fit all of the observed variables to corresponding latent variables. This analysis was performed by the maximum likelihood procedure and a Promax oblique rotation, using IBM SPSS Statistics 21 for Windows (IBM Inc., New York, USA).
We used structural equation modeling (SEM) to examine presumptive underlying causal relationships between the latent variables by Amos ver.19 for Windows (IBM Inc.). The analyses were performed using a crosslagged effects variation model with longitudinal data followed over seven years. Four latent variables were fitted with socioeconomic status and three health-related dimensions as causes using data obtained in the 2001 survey, healthy dietary and lifestyle habits as intermediate causes using data from the 2004 survey, and health and life conditions as outcomes by using data at the 2004 survey and data between 2004 and 2007. All observed variables corresponding to the three health-related dimensions were collected at the questionnaire survey in September 2001. Estimation of the best-fitting model was carried out by the method of maximum likelihood of SEM. The optimization algorithm was implemented with no-missing-data parameters. The direct, indirect and total standardized effects of different latent variables on the endogenous health and life condition variable were measured by gender. The models employed indices criteria for assessing model fitness. Goodness-of-fit was approved by CMIN, NFI, IFI and RMSEA. Results were regarded as statistically significant if the p value was less than 0.05.
RESULTS
Measurement Variables
Of 8162 eligible participants, included in the analysis were 7066 individuals (male, 3409; female, 3657) aged more than 80 years and with either no long-term care or the mildest degree of long-term care utilized in September 2001. The average ages (±standard deviation) of males and females were 70.0 ± 3.9 and 70.5 ± 4.2 years, respectively. 
There were some people who had physical inconveniences and one in five participants suffered from at least one disease. In terms of self-rated health, the respondents who answered that they were in poor health approached 20 per cent. More than twice as many female respondents than male respondents reported being in poorer health compared to the previous year. Two-thirds of respondents revealed satisfaction with their daily life among both males and females. Although half of the respondents across both sexes enjoyed hobby-related activities, nearly 10 per cent remained in their homes, and more than half of males as well as one-third of females had little communication with their own neighbors. We also observed that some elderly people were likely to experience poor human relationships. Table 2 presents factor loadings for a hypothesized model consisting of the latent variables obtained through exploratory factor analysis. Factor 1 indicated high loadings particularly for self-rated health variables, and displayed a high confidence coefficient. Self-rated health and daily life satisfaction, with the exception of the number of comorbid conditions, were termed "mental health factors" related to the three health-related dimensions. The number of comorbid conditions was a negative factor by itself and deemed to considerably associate with physical condition since the comorbidities tended to include more common diseases such as hypertension, diabetes and cardiovascular disease apart from mental disorders among the target population. Along with the number of comorbid conditions, BADL and IADL, excluding the frequency of going outside, informed the labeling of factor 2 as "physical health". We emphasized the social aspect of the frequency of going outside over the physical aspect. Therefore, factor 3 was identified as "social health", and included communication with the neighborhood and hobby-related activities as well as frequency of going outside. Factor 4 was termed "healthy dietary and lifestyle habits" and involved healthy dietary and lifestyle habit variables. Finally, factor 5 was termed "socioeconomic status" and indicated educational attainment and annual income. The cumulative contribution proportion of the above five factors was 40.5 per cent.
Results of Exploratory Factor Analysis
Causal Relationship Model
We adopted and analyzed the statistically best-fitting models by sex using SEM. Table 3 indicates the direct, indirect and total effects of different latent variables on the endogenous health and life condition variables by sex using the best-fitting models. We observed a relatively large direct effect of the three health-related dimensions on the health and life conditions with a 0.901 standardized path coefficient (SPC) for males and 0.835 SPC for females. Also, the direct effect of the healthy dietary and lifestyle habits on health and life conditions was nearly zero. The indirect effect of socioeconomic status via the three health-related dimensions on health and life conditions was considerably small (0.121 SPC for males and 0.094 SPC for females), whereas the indirect effect of socioeconomic status via the three health-related dimensions followed by the healthy dietary and lifestyle habits on the health and life conditions was quite small. The total effect of socioeconomic status through the three health-related dimensions and the healthy dietary and lifestyle habits on health and life conditions indicated considerably large SPCs for both males (0.444) and females (0.580).
DISCUSSION
To date there has been a vast amount of health education targeted to elderly populations to bolster attempts at diet and behavioral changes. These aims were based on the underlying evidence demonstrating that dietary health and lifestyle habits generated improvements in individual health conditions. In contrast, our study revealed that the health and life conditions among the urban Japanese elderly were not determined by current dietary and lifestyle habits but directly by early health-related dimensions observed three years prior as well as indirectly by their educational attainment and previous annual income. These data suggest that it might be of great importance for the elderly to particularly emphasize the maintenance of mental well being, physical activity, social communication/participation and income rather than urge an improvement of their diet or other health-related behaviors.
These findings should be considered with regards to the following three points of argument. First, most of the theories calling for healthy diet and lifestyle changes were derived from previous investigations targeting adults over a wide range of age [30] . Many studies that identified significant associations between healthy lifestyles and health outcomes incorporated people in early, middle and later adulthood [31] [32] [33] . As a result, much evidence-based health education has been assumed to be fully applicable to the elderly as well. Thus, we should make a distinction between healthy ageing led by healthy life habits during younger life periods from habits expressed during the elderly life period. Second and more importantly, a number of reports have addressed a significant association between healthy habits and health outcomes among elderly populations [34] [35] [36] [37] . These studies focused on the relationship between healthy habits and health outcomes adjusted only for individual basic demographic variables as confounding factors. In comparison, our study analyzed associations between healthy habits and outcomes embedded in a model with a wider spectrum involving socioeconomic and healthrelated dimensional compartments that resulted in control over as many potential confounds as possible. Our findings suggest, therefore, that the described associations between healthy habits and elderly survival may be confounded with socioeconomic status and health-related dimensional factors. Third, although chronological analysis can reveal causal relationships among different latent variables, up until now there have been few studies using this analysis in the gerontology research arena. The current study was the first trial to investigate causal associations by the SEM method using longitudinal data following the same subjects across seven years. According to the standardized effects (Table 3) , we believe that the dietary health and lifestyle habits were not the causes of health and life conditions, but instead these outcomes were the effects of physical, mental and social health as well as socioeconomic status.
Our study verified a strong causal association from three years earlier of three health-related dimensions toward the degree of nursing care and on survival rate. Other studies have presented the expected consequence that mortality among the elderly is significantly associated with their physical health [20, 26] , mental health [22, 38] and social health [23, 24] . The current study incorporated the three health states into one latent variable using data from the same year (the three health-rated dimensions). As our previous reports suggest [39, 40] , however, the reciprocal correlation among variables of the three health states do not coincidentally occur, but rather social health may be affected by mental health directly and by physical health indirectly in different chronological periods. Figure 1 shows the nearly null effect of dietary health and lifestyle habits on health and life conditions. This finding was opposite to previous studies as discussed above. However, these data are supported by the study of Diehr et al. [34] in which older adults, aged 65 years and over, who are overweight or obese have no worse and sometimes better outcomes in categories such as activity of daily living, years of healthy life and active life expectancy compared to individuals of normal weight. From our perspective, it is assumed that overweight or obese conditions resulting from dietary health and lifestyle habits may have little influence on elderly health and life conditions. Our study demonstrates that educational attainment and income may have a moderating effect on health rather than a direct one ( Table 3) . This finding is supported by some studies. The Estonia large census data analysis by Leinsalu et al. [41] demonstrated that an educational difference in mortality rates was observed in both sexes using Poisson regression modeling. The analysis showed that people with a longer educational duration in comparison with those of the lowest education level were likely to live 13.1 years longer in the case of males and 8.6 years longer in the case of females. Singh-Manoux et al. [42] reported in their British study using SEM that educational attainment had no direct effect on health, but was instead a more proximal measure of desirable social position, occupation and income that subsequently indirectly determined health. Likewise, Wardler et al. [43] reported that socioeconomic status indexed by occupational social class was significantly related to attitude and expectations that might underlie a range of health behaviors, regardless of age and sex. This indicates that socioeconomic status may influence cognition and motivation, from which health behavior is likely to be proximally determined. It is thus supposed that higher educational attainment may distally affect health outcome through a possibility of expanded social position, types of job category and increased income.
We have identified some limitations in the study. Despite the high initial response percentage (80.2%) in September 2001, the second in September 2004 declined to 52.0 per cent. In particular, those of advanced age were likely to be missed due to an increase in institutional admission to hospitals and long-term nursing homes, as well as death. The increased exclusion proportion of the target population might derive an enhancement of random errors and selection bias. We excluded the data with one or more missing values in the final analysis because exclusion of data with missing values increased goodness-of-fit in models using SEM. However, characteristics of the participants were not significantly changed regardless of the exclusion of missing data (data not shown). Although the selection of observed variables was carried out based on our previous studies [39, 40] , the selection criteria may restrain the coverage of available information for analysis. For example, the nine observed variables indicating the three health-rated dimensions may not represent an exhaustive list of factors impacting health as defined by the WHO. To examine which factors cause or prolong a healthy longevity of the aged, further exploration is needed to test the model with other observed variables including the same latent variables employed in the current study.
In conclusion, our findings revealed that elderly people that were healthier in the physical, mental and social domains were likely to practice healthy dietary and lifestyle habits. However, health and longer survival rates may simply be affected directly by previous overall health stats, and not by dietary health and lifestyle habits. All of the latent variables were supported by higher education and larger annual income. Therefore, exclusive health retention and economic independence may be required for elderly individuals to practice healthy habits and maintain a healthy life.
